Background: Current evidence suggests that the addiction on one substance may underpin or affect addiction on another in polysubstance users. However, there is no tool that has been shown to have psychometric validation for assessment of the severity of khat addiction in polysubstance users. Methods: Polysubstance users with khat chewing habit (n = 178, age = 25.8 ± 3.6, BMI = 23.3 ± 2.8 kg/m
Growing evidence shows that khat chewing is associated with polysubstance use involving concurrent and/or simultaneous use of alcohol and/or tobacco [12, 17, 26] . Polysubstance use involving khat is associated with psycho-physical health problems [32] , disturbed sleep [17, 24] , blunted cardiovascular stress response and negative mood [1] , verbal learning deficits and delayed recall [8] . Evidence suggest that the addiction on one substance may underpin or affect the addiction on another substance in polysubstance users. There is a positive relationship between the intensity of khat addiction and nicotine dependence [10] . However, there is no tool that has been shown to have psychometric validation for the assessment of the intensity of addiction on khat in polysubstance users. The severity of dependence scale (SDS) was adapted to assess the severity of khat addiction (SDS-Khat) in Yemeni male adults [11] . Therefore, in this study with the aim to provide a valid and reliable measure of the severity of Khat addiction, we assessed the psychometric validity of the SDS-Khat in polysubstance users.
Methods

Participants
Polysubstance using community-dwelling adults (n = 178, age = 25.8 ± 3.6 years, 23.3 ± 2.8 kg/m 2 ) were enrolled during the period from May to June 2017 at Mizan-Aman, South-West Ethiopia. The exclusion criteria included the use of neuro-psychotic drugs based on the subjective account (self or family members' account).
Procedure
A cross-sectional study with a simple random sampling method employing lottery system was carried out to earmark the houses for the identification of participants. Finally, the participants were selected purposively from the identified houses. The participants completed the study questionnaires, which consisted of the SDS-Khat [11] , a brief meta-cognition questionnaire [13] , and a semi-structured socio-demographics tool. The questionnaires were administered by trained interviewers. The interviewers explained the purpose and procedures to the participants and enrolled them after obtaining their informed consent. Ethical approval of the study was given by the Human Institutional Ethics Review Committee, College of Medicine and Health Sciences, Mizan-Tepi University, Mizan, Ethiopia. It was ensured that the norms of the 2002 Declaration of Helsinki (DoH) and the guidelines of Good Clinical Practice (GCP) were followed in the whole process [31] .
Severity of dependence scale-Khat
A simplified 5-item self-reported tool to quantify the severity of khat addiction (SDS-Khat), which was developed at the Queen Mary University, London was used. These 5-items in the tool are rated from 0 to 3 where 0 is for 'Never or almost never' to 3 for ' Always or nearly always'. The global score (range 0-15) of the tool is obtained by adding scores for all the individual items. Higher scores Meta-cognition was assessed by tool using questionnaire [13] Severity of dependence on khat (SDS-khat) Polysubstance use along with Khat indicate increasing severity of khat addiction [11] . Minor adaptations were made in the SDS-Khat, i.e., 'Khat' was replaced by its local term 'Chat' and the Arabic word, 'takzeen' was deleted. The SDS-Khat has been found to be reliable and valid for assessment of the psychological severity of khat addiction in Yemeni khat chewers [11] .
Measures
Meta-cognition questionnaire
It consists of a brief self-reported tool (developed at the Department of Psychiatry, Charité -University Medicine Berlin) to assess meta-cognition. The tool has 9-items that measure two dimensions or sub-scales of the metacognition namely meta-memory (5-items) and metaconcentration (4-items). These 5 items for the metamemory are adopted from the Metamemory in Adulthood questionnaire [4] , while the 4 items of the metaconcentration are based on the EURO-D [27] . All the items are scored on a 5-point graded Likert-scale with a range of 1 for 'absolutely wrong' to 5 for 'absolutely true'. The scores of all the individual 9-items (range: 1-4) are added to get the global score (range: 9-45) of the tool. Similarly, the scores for the items of the sub-scales were added to get the total scores for the specific subscales. Lower scores indicated poor meta-cognition levels and its dimensions [13] .
Statistical analysis
The statistical analysis was performed using SPSS version 23.0 and an add-on module AMOS (Analysis of Moment Structures). The descriptive statistics like mean ± SD (standard deviation) and frequency were employed for the presentation of the participants' characteristics and item analysis. The Cronbach's alpha test and Spearman's test were applied to assess internal consistency and the internal homogeneity, respectively. The convergent validity was examined by assessing correlation (Spearman's test) between the scores of SDS-Khat and the meta-cognition. For the initial extraction, principal component analysis for the unrotated solution was used in the exploratory factor analysis (EFA). Since the initial extraction revealed 1-factor model, final EFA with principal axis factoring extraction was performed for unrotated solution. Principal axis factoring extraction was employed because SDS scores had skewed distribution. Confirmatory factor analysis (CFA) using maximum likelihood extraction with bootstrapping to smooth non-normality assessed the standard estimates of the item loadings on the factor(s). Meta-cognition was assessed by tool using questionnaire [13] SDS-khat Severity of dependence on khat SDS-1 to SDS-5 items of the SDS-Khat scale, MC-total Meta-cognition total score, mm-total meta-memory sub-scale of the meta-cognition tool, mc-total meta-concentration sub-scale of the meta-cognition tool 
Results
Descriptive participant's characteristics are shown in Table 1 . Most of the polysubstance users (83.1%) reported no athletic activity (Table 1) . It was interesting to find that the majority of the khat chewing polysubstance users was educated above secondary levels (60.7%) ( Table 1) . Keffa and Amhara ethnicities together comprised the majority (58.4%) of the participants (Table 1) . More than two-thirds of the khat chewing polysubstance users were merchants (Table 1) . Almost half of the participants (46.1%) reported the presence of chronic conditions, e.g., mental disorders, diabetes, hypertension, epilepsy, tuberculosis, AIDS etc. (Table 1 ). Majority of the khat chewing polysubstance users (60.1%) reported habit of 3 substances (Table 1) . Table 2 shows the item analysis of the SDS-Khat in polysubstance users. A minimum of 15% response rate of the highest or the lowest score was used to describe the presence of the ceiling or the floor effect, respectively [14, 18, 28] . There was no ceiling and floor effect in the SDS total score with a range of 2-13 in the study population. Similarly, no ceiling or floor effect was seen in the SDS item scores ( Table 2 ). The Cronbach's alpha of the SDS-khat in the polysubstance users was 0.58. The value of the Cronbach's alpha if Item Deleted ranged from 0.48-0.55 ( Table 2 ). The item-total correlation for the SDS-Khat was 0.55-0.65 (p < 0.01) ( Table 3 ). All the inter-item correlations (r = 0.16-0.38, p < 0.01 or p < 0.05) were significant except for the correlation between item-1 and item-5 of the SDS-Khat (Table 3 ). There were significant and negative correlations (r = −.19 to −.34, p < 0.05 or p < 0.01) between the SDS-Khat scores, i.e., SDS-Khat total score, SDS item-1 and SDS item-4 with the meta-cognition scores, i.e., meta-cognition total scores, sub-scale scores of the meta-memory and meta-concentration (Table 3 ).
The suitability of the data for the factor analysis was indicated by the absence of singularity (Bartlett's test of sphericity (p < 0.001) as well as multi-collinearity (Determinant = 0.65) ( Table 4 ). The inter-item correlations were adequate as implied by a Kaiser-Meyer-Olkin Test of Sampling Adequacy of 0.65 (Table 4) . Further, the anti-image matrixes were all above 0.5 (Table 4 ) [6] . Four-factor extraction measures were employed; the results of these were not unanimous ( Table 5 , Fig. 1 ). The Kaiser's criteria (Eigenvalue≥1) and the Parallel Analysis (Monte Carlo PA) found a 1-Factor model ( Table 5 , Fig.  1 ), while the Scree test and the Cumulative variance rule (> 40%) indicated a 2-Factor model ( Table 5 ). The item-loadings on the factors in EFA indicated a fair degree of overlapping variance (0.38-0.60; Table 2 ). The 1-Factor model (Fig. 2) had non-significant χ 2 test statistics (p < .08), higher values for IFI, CFI, and PClose and lower values for RMSEA, χ 2 /df (Table 6 ). 
Discussion
This is the first study to examine the psychometric validation of the SDS-Khat in polysubstance users; the majority of them habitually used at least three substances. The absence of the ceiling, as well as the floor effects from the SDS-Khat scores (i.e., individual item and total scores), implies that the tool is likely to have excellent discriminative validity even at both the limits, i.e., the highest and the lowest scores [12] . This is because variances in the SDS-Khat scores (i.e., individual item and total scores) are not unaccounted even at the two extremes [12] . There is no previous data about the ceiling and floor effect of the SDS-Khat or the SDS. However, similar to previous findings, the SDS-Khat score distribution was skewed (skewness z index > 3.29 for the SDS total score) in this study population as well [11] . The internal consistency as assessed by the Cronbach's alpha test was moderate in this study (Table 2) . [11] reported a higher Cronbach's alpha of 0.76 in Yemeni adult khat chewers [11] . However, the Cronbach's alpha of the SDS-khat scale in adult male and female khat chewers was lower, i.e., 0.54, 0.57, respectively [7] . Similarly, the value of the Cronbach's alpha in this study was slightly higher than that reported for the SDS scale in the Spanish opiate users [7] . Moreover, the little variation in the Cronbach's alpha if item deleted suggest that all the five items are important for the construct of the scale. The internal homogeneity was indicated by the item-total score correlations which were moderate (0.55-0.650) (Table 3) . Furthermore, the significant inter-item correlations also supported the internal homogeneity in the khat chewing polysubstance users. The convergent validity of the SDS-Khat was indicated by the significant and negative bivariate relationship between the SDS-Khat scores and the metacognition scores (Table 3) . Evidence shows that maladaptive metacognition is associated with the addiction [23] . Therefore, the relationship between the poor metacognition (low score) and the increasing severity of khat addiction, i.e., higher scores of the SDS-Khat support the convergent validity of the SDS-Khat in the polysubstance users.
Two of the measures employed to determine the number of factors to retain in the EFA including the robust measure of the parallel analysis revealed 1-Factor model of the SDS-Khat in the polysubstance users (Table 5 ) [21] . The unidimensionality of the SDS-Khat scale was further endorsed by the findings of the CFA (Fig. 2 , Table 6 ). The 1-Factor model (Fig. 2) of the SDS-Khat showed absolute fit as suggested by the non-significant χ 2 test (Table 6 ) [29] . Additionally, the unidimensional model was supported by the optimal and higher values of the fit indices, i.e., IFI, CFI, PClose, and lower χ 2 /df and RMSEA (Table 6) [21, 22, 29] . The Chi square test of difference between the models was insignificant [Δ χ 2 (df = 1) =0.03, p = 0.862], i.e., both models had almost equivalent fit, therefore, indicating acceptance of smaller or parsimonious model with less number of factors. Moreover, the correlation between the two factors in the 2-Factor model was more than 0.9 ( Fig. 2) , indicating that the 2-Factor model is practically not supported because of the problems of multicollinearity and poor discriminant validity [3, 21] . Similar to our findings, Kassim et al. also reported a unidimensional SDS-Khat in the Yemeni Khat chewers [11] . They employed only Principal component analysis (PCA), not the CFA. However, Nakajima et al. reported a 2-Factor model using PCA [24] . They had employed only EFA; this might have lead to the suggestion of a 2-Factor model [21, 24] . In fact, this is the first study to assess the ceiling effect, floor effect, internal homogeneity (inter-item correlations), convergent validity, and the use of a robust measure of factor retention, i.e., parallel analysis and the more parsimonious form of the factor analysis, i.e., the CFA for the psychometric validation of the SDS-Khat.
Limitations of the study
Future studies should address the assessment of the concurrent validity using a composite guideline of the Composite International Diagnostic Interview and the DSM-5 [2] . The application of the receiver operating characteristic (ROC) analysis will help in the establishment of a cut-off score of the SDS-Khat. The under-representation of female and the modest sample size may limit the generalizations. Nevertheless, it is documented that the prevalence of substance use including that of khat chewing is generally lower in the females [15] .
Conclusions
Evidence for the psychometric validation of the SDS-Khat was found in the polysubstance users. 
